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In this postgenomic era, we face formidable challenges as scientists and physicians to make sense of the huge amount of sequence information generated by the various genome projects in improving our understanding of human disease. Although our understanding of the pathology of lung diseases has grown rapidly in recent decades, the underlying mechanisms of many diseases remain obscure. The complexity of gene regulation and protein expression has made it difficult to globally map regulatory pathways that control basic cellular processes both in lung development and also in lung injury and repair. The rapid increase in the development of new technologies in genomic and proteomic research that enables systemswide analysis of cellular processes has enabled some small measure of progress in understanding common human diseases. These technological advances depend on the tools of many disciplines, including computational biology, chemistry, protein biochemistry, and mass spectrometry. This conference (Genomics and Proteomics of Lung Disease, November, 2006) brought together several leading investigators who discussed progress that has been made in the utilization of these powerful tools of genomics and proteomics in understanding lung disease and outlined directions for future work.
Genomic approaches to understanding complex human diseases. Traditional genomic analyses, such as studies of gene mutations, polymorphisms, and linkage mapping, have been used widely to delineate genetic variation in complex disorders. Genomic and proteomic approaches may improve our understanding of disorders such as systemic hypertension, asthma, interstitial lung disease or interstitial pulmonary fibrosis, primary pulmonary hypertension, infant respiratory distress syndrome, chronic obstructive pulmonary disease, acute lung injury, occupational lung diseases, and cystic fibrosis.
The polygenic nature of complex diseases, gene-environmental interactions, ethnic diversity, and the general heterogeneity of human populations has made the identification of causal genes by traditional linkage studies difficult. Systemic hypertension is a perfect example of a complex clinical disorder with polygenic and environmental determinants. Human studies have highlighted the complexity of both the genetic and environmental determinants. Blood pressure regulation is polygenic with many different genetic loci (pleiotropy and epistasis of common variants). There is a low probability that a random individual of a given genotype will display the trait (low penetrance). The severity of the disease is generally low (low expressivity); gender, lifestyle, and ecogenetic context is of great importance, and there are few replications among different populations.
Allen Cowley, in his keynote talk, described his research group's approach to understanding the genetics of systemic hypertension (8) . Their research has therefore emphasized the utility of using rat models in which natural genetic variants (and combinations of these variants) that influence blood pressure have been captured and inbred. The goal has been to determine the genetic and physiological basis of the protection from salt-induced hypertension and related phenotypes that occur with substitution of BN alleles (a salt-insensitive strain) into the genomic background of the Dahl salt-sensitive rat. Although they have shown that five different rat chromosomes contribute importantly to salt-sensitive hypertension and renal dysfunction, they are currently focused on chromosome 13. They have developed and phenotyped 23 overlapping congenic strains spanning chromosome 13 to narrow the specific region(s) containing genes responsible for the trait of salt sensitivity and renal and vascular dysfunction. Studies are underway to determine how genes within four narrow congenic regions contribute to genome-wide responses and mechanistic pathways to improve sodium excretory function and protect the organism from hypertension and associated phenotypes. Strategies for identification and prioritization of candidate genes in narrow congenic regions that are responsible for the protection from hypertension and for final validation of the candidate gene using transgenic approaches were presented (19) .
Jim Loyd reported that familial pulmonary artery hypertension (FPAH) exhibits features of vertical transmission, incomplete penetrance, and earlier age of onset in subsequent generations. By collecting DNA specimens from families with PAH, the group was able to localize FPAH to chromosome 2q32 in 1997. The responsible gene therein was identified to be bone morphogenetic protein receptor II (BMPR2) in 2000 (20) . Mutations in BMPR2 are now known to be the basis of FPAH in 80% of families (21) . Nearly 150 different BMPR2 mutations have been described, including mutation in each of the 13 exons of the four functional domains. Mutations in other transforming growth factor (TGF)-␤ family members, including ALK-1 and endoglin, have also been described in association with PAH (10, 23) . BMPR2 mutation is clinically expressed in only 20% of mutation carriers, so it is believed that modifier genes determine the clinical expression. It is not known how many modifiers participate, or what functions they exhibit, such as enhancement vs. suppression, or both, resulting in the clinically expressed phenotype. A recently developed mouse strain with the BMPR2 mutation holds promise as a model of PAH, which should allow better understanding of pathogenesis and screening of novel treatments.
Innate immune inflammatory responses represent an important quantitative trait that shows considerable interindividual variability in the normal population (45) . Mark Wurfel described studies that have identified common genetic variation in the Toll-like receptor (TLR) pathway that account for a portion of the variability in this quantitative trait and showed that this genetic variation can also predict poor clinical outcomes in the complex clinical phenotypes of sepsis and septic shock. They screened a panel of single nucleotide polymorphisms (SNPs) from 45 genes in the TLR pathway and identified associations between 20 SNPs and TLR agonist-induced responses in peripheral leukocytes from healthy volunteers ex vivo. These validated previously published SNPs in TLR4 and TLR5 and also identified new functional SNPs in other TLRs. In a cohort of critically ill patients with sepsis and septic shock, they found that these SNPs in specific TLRs predicted increased mortality, greater organ failure, and higher prevalence of infection with gram-positive organisms. These studies demonstrated that understanding how common genetic variation influences innate immune responses in the normal population can lead to the identification of new markers of susceptibility to outcomes in sepsis and septic shock. Thus understanding interindividual variation in TLR-mediated innate immune responses in the normal population provides a relatively unbiased way to identify individuals who are relatively susceptible or resistant to sepsis, septic shock, and related organ failure (44, 45) .
Dean Sheppard described a general strategy for combining the advantages of knockout mice and microarray technology both to generate hypotheses about the molecular mechanisms underlying observed knockout phenotypes and to predict additional phenotypes. An attractive feature of this approach is that hypotheses and predictions can then be tested using additional knockout or transgenic lines. One example of this approach has been the continuing evaluation of mice generated more than a decade ago that lack a single integrin subunit (␤ 6 ) and are thus deficient in the epithelially restricted integrin heterodimer, ␣ v ␤ 6 . These mice were initially noted to have exaggerated inflammatory responses in epithelial organs (16) but later were found to be protected in models of tissue fibrosis, including pulmonary fibrosis. Based on these phenotypes, the integrin was suspected to have a role in regulating the function of the anti-inflammatory and profibrotic growth factor, TGF-␤ (30). Microarray studies comparing pulmonary gene expression in wild-type and knockout mice at baseline and after treatment with the fibrogenic drug bleomycin identified a cluster of TGF-␤-inducible genes that were clearly expressed and induced at higher levels in wild-type animals (18), providing strong support for this hypothesis. Data from these microarrays also demonstrated a surprisingly early induction of TGF-␤-inducible genes, well before the onset of pulmonary fibrosis. These results suggested that this pathway might play a role in modulating early responses to bleomycin, such as the development of acute lung injury. This possibility turned out to be correct because the ␤ 6 knockout mice were completely protected from bleomycin-induced pulmonary edema, and this response was also inhibited by blocking TGF-␤ (36) .
Comparison of global pulmonary gene expression between unchallenged wild-type and ␤ 6 knockout mice also suggested previously unexpected roles for this integrin. The most differentially expressed gene encoded matrix metalloprotease 12 (MMP-12) is also called macrophage metalloelastase. MMP-12 knockout mice had been previously shown to be protected from pulmonary emphysema in response to chronic exposure to tobacco smoke (18) . This result thus suggested that the ␣ v ␤ 6 integrin and TGF-␤ might normally play a role in suppressing MMP-12 expression and that loss of this pathway might lead to the development of emphysema. Before the microarray analysis, there had been no suggestion of emphysema in ␤ 6 knockout mice, but based on these results, cohorts of mice were allowed to age, and lungs from these animals were evaluated morphometrically. By 6 mo of age, a small but statistically significant increase in alveolar size was observed, and this effect progressively increased with age up to 14 mo (29) . The effect was clearly due to loss of the integrin ␤ 6 subunit in alveolar epithelial cells because it could be rescued by transgenic expression of this subunit only in a subset of alveolar epithelial cells using the surfactant protein C promoter.
Steven Shapiro presented data that illustrated how animal models can play an important role in the understanding of the pathogenesis of chronic obstructive pulmonary disease (COPD) (40) . The applicability of findings to human COPD depends on several factors, including the disease model and similarities in mouse structure and function between species. There are many examples in the literature of transgenic mice that have contributed to the understanding of COPD. Several studies demonstrate the complexity of inflammatory networks and how unexpected findings in animal models have led to the search for new potential mediators in human disease. Genetargeting studies of ␣ 1 -antitrypsin (␣ 1 -AT) and emphysema in mice have demonstrated that the genetic locus for ␣ 1 -AT in mice is complex and that the loss of one gene is lethal in embryo lung development. This underlines the differences between mice and humans that limit the ability to translate between systems in some instances. Gene targeting has also highlighted complex roles for TGF-␤ in COPD and has been used to determine important molecules and pathways in COPD. Both transgenic and gene-targeted models suffer limitations, and their applicability to human COPD may be dependant on several factors, some of which are still being appreciated. The more that is known about similarities and differences, the better the knowledge will be that is gained for COPD.
George Leikauf and Tara Sabo-Attwood presented data to illustrate the use of knockout mice and/or microarray technology to study the pathogenesis of lung injury. Tara SaboAttwood presented her work on asbestos-induced fibrogenesis (37) , and George Leikauf presented work on acute lung injury (ALI). His research group utilized nickel-induced lung injury in mice as a model of ALI (26) and have found metallothionein to be one of the greatest noted in transcriptome-wide analyses of gene expression. For example, their previous studies have shown that mice deficient in the tyrosine kinase domain (TK Ϫ/Ϫ ) of the receptor Mst1r have an increased susceptibility to nickel (Ni)-induced ALI. Using microarray analyses, they found that a total of 343 transcripts were significantly changed, either by Ni treatment or between genotypes (43). Dr. Leikauf also discussed the use of whole genome association analysis in the identification of critical genes involved in ALI.
Jeff Whitsett reported on their identification of complex networks of genes and transcriptional factors that regulate lung development. Mammalian lung is lined by a diversity of epithelial cell types that vary during development, regionally along the cephalo-caudal and dorsal-ventral axes of the respiratory tract and among species. Formation and differentiation of the respiratory epithelium is strongly influenced by a number of transcription factors including TTF-1, GATA-6, NF-1, Foxa1, Foxa2, ␤-catenin, Foxj1, Ets family members, C/EBP␣, Sox family members, p63, and others. The proteins are expressed in various pulmonary cell types to influence respiratory epithelial cell differentiation and gene expression. Gene deletion and addition studies in the mouse demonstrate the importance of these transcription factors in the formation and differentiation of the lung before birth and their roles in various aspects of lung function and homeostasis after birth. Many of the transcription factors interact at multiple levels, coregulating each other, interacting directly via protein-protein interactions, and by both distinct and cooperative interactions at binding sites on specific transcriptional target genes. RNA microarray analyses of lung RNAs were utilized to identify shared and distinct transcriptional targets and participants in the networks. Many of these transcription factors are expressed postnatally and are regulated during repair of the lung following injury or during regrowth following unilateral pneumonectomy. Dynamic changes in the expression of TTF-1, ␤-catenin, Sox, Ets, Fox family members, and Stat-3 accompany the repair of the respiratory epithelium. Together, these studies support the concept that transcriptional programs that mediate epithelial cell differentiation during lung morphogenesis also play important roles during injury and repair (24) .
Independently, David Erle and Scott Weiss have utilized microarray analyses to dissect the genomics of asthma. Dr. Erle's research group applied this technique to the study of IL-13-induced gene expression changes in airway epithelial cells; IL-13 is an important regulatory cytokine in asthma pathogenesis (49) . Scott Weiss' team integrated microarray analysis with traditional gene linkage and association mapping to identify key pathways or candidate genes that are involved in the asthma response (4). Naftali Kaminski contrasted two approaches to analysis of microarray experiments, a recutionist "cherry picking approach" and a global "systems biology" approach (41) . He presented examples of the application of the two approaches to the understanding of human pulmonary fibrosis including the use of microarrays to classify lung diseases (39) and to identify biomarkers for lung fibrosis (33) . Elizabeta Kovkarova from his team presented the use of laser capture microscopy with microarray analysis to profile gene expression in idiopathic pulmonary fibrosis microenvironments, and Sean Studer presented the use of microarray analysis to evaluate changes in gene expression profiles that may predict the likelihood of lung transplant rejection. Patricia Finn presented a summary of her team's work on interaction networks in allergic asthmatic responses. She presented data to support their thesis that a combination of differential gene expression (46) 
In addition to the identification of causal genes, research must also determine how these genes interact with environmental stimuli to either preserve health or cause disease. The application of genetics and genomics to problems in environmental health represents a potentially effective strategy to substantially impact morbidity and mortality. David Schwartz, Director of the National Institute of Environmental Health Sciences, was a featured speaker at the meeting and stated how recent advances in human and molecular genetics provide an unparalleled opportunity to understand how genes and genetic changes interact with environmental stimuli to either preserve health or cause disease (38) . The fields of environmental genetics and environmental genomics have enormous potential to develop our ability to accurately assess the risk of developing disease, identify and understand basic pathogenic mechanisms that are critical to disease progression, and to more precisely phenotype disease subtypes (48) . Collaborative approaches that team together environmental scientists with molecular biologists, geneticists, physiologists, and physician scientists are critical to the investigation of environmental aspects of human health. Moreover, exploiting eukaryotic model systems (yeast, Caenorhabditis elegans, zebrafish, Drosophila, and rodents) will accelerate our understanding of environmental exposures on human health. Schwartz presented compelling data on how environmental insults can result in DNA methylation and epigenetic phenomenon (15) , a process that may be involved in predisposing susceptible humans to asthma.
Steven Kleeberger highlighted the fact that considerable effort is ongoing to understand the genetic basis of susceptibility to the pulmonary effects of environmental exposures. Association studies in populations exposed to environmental stimuli (22) and subjects exposed under controlled conditions (47) have tested the importance of candidate susceptibility genes in pulmonary responses to the stimuli. Positional cloning studies using inbred mouse models have also identified genes that determine differential susceptibility to environmental stimuli including ozone and particulate matter (7, 26) . Translational investigations that test in human populations candidate genes identified in mouse models should yield mechanistic insight to differential susceptibility (21) . Continued investigation into the mechanisms of interaction between genetic background and environmental exposures should yield novel intervention strategies and means to identify susceptible individuals.
Together, these investigators illustrated the utility of genomicbased approaches in the identification and assessment of causal genes that promote disease development and progression. Collaborative approaches that team together molecular biologists, geneticists, physiologists, and physician scientists are critical to the further investigation and improved treatment of complex genetic disorders.
Data mining and bioinformatics in genomics. Several challenges still remain. The gene association studies in complex human diseases to identify causal pathways remain difficult as they present biostatistical challenges in the analysis of large data sets in humans. Jason Moore, John Quackenbush, and Constantin Aliferis presented different approaches to analysis of large data sets. Dr. Moore discussed the important role of biological knowledge in genome-wide studies of epistasis (28) . Constantin Aliferis presented experiments with microarray gene expression and mass spectrometry data using novel biomarker selection algorithms that reverse-engineer local regions of gene and protein regulatory networks. These results suggest that the new algorithms discover accurate, compact, statistically reproducible, and pathway-localized biomarkers and signatures. He also cautioned that predictive ability does not imply biological importance, and most predictive biomarkers are not necessarily causative and should not be interpreted as such unless specialized discovery methods are used. In general, because of rich network connectivity, it is conceivable that in diseases that affect multiple pathways, hundreds if not thousands of genes are affected and are thus predictive of phenotype. Furthermore, he explained that understanding complex networks requires highly specialized algorithms and larger sample sizes than differential expression or predictive modeling. New methods of development call for extensive design and testing. In bioinformatics, it is not unusual for a new method to be invented and introduced in a short period of time just to analyze a specific data set. When little is known about the formal properties of the new method (in terms of correctness, completeness, sample and time complexity), results should not be easily trusted, however. Another pitfall is the overinterpretation of gene clustering. If two genes cluster together, this does not imply that they are always in the same pathways or share the same functional roles. He concluded that the opportunities for revolutionary discoveries using gene expression microarrays (as well as other high-throughput technologies) are immense but so are the challenges for their proper analysis and interpretation (1) .
Use of proteomics in understanding lung diseases. The field of proteomics has come to encompass not only the identification and quantification of proteins but also the determination of protein localization, modifications, interactions, activities, and functions (9) . Investigators in lung disease are beginning to take full advantage of the growing array of proteomic methodologies to improve our understanding of both the normal and the diseased lung.
Several presenters focused on posttranslational modification of proteins that alter protein structure and function. Harry Ischiropoulos presented work on the S-nitrosylation of proteins in human aortic smooth muscle cells. S-nitrosylation, the formal transfer of nitrosonium to a reduced cysteine, is a reversible and selective posttranslational modification, regulating protein activity, localization, and stability, while also functioning as a general sensor for cellular redox balance. Selective S-nitrosylation of cysteine residues in proteins to form S-nitrosocysteine is a major emerging mechanism by which nitric oxide acts as a signaling molecule (14, 17) . A proteomic approach using selective peptide capturing and site-specific adduct mapping was employed to identify the targets of S-nitrosylation in human aortic smooth muscle cells upon exposure to S-nitrosocysteine and propylamine propylamine NONOate (12) . This strategy identified 20 unique S-nitrosocysteine-containing peptides belonging to 818 proteins including cytoskeletal proteins, chaperones, proteins of the translational machinery, vesicular transport, and signaling. Further refinements of the proteomic approaches can be taken to identify endogenous S-nitrosylated proteins and their function. Serpil Erzurum presented a summary of her work on the proteomics of oxidant lung injury in asthma. The identification of nitrated proteins and effects of posttranslational modifications on protein function has allowed greater understanding of the pathophysiological consequences of ROS and RNS in asthma (11) . Sadis Matalon discussed the functional implications of nitration of surfactant protein A (SP-A). Exposure of human SP-A results in nitration of all three tyrosines, oxidation of side chains, and significant aggregation, which interfered with its ability to serve as a ligand for Pneumocystis carinii adherence to alveolar macrophages (50) . Mass spectrometry was used to identify specific nitration sites. The major nitrated peptide was the tryptic fragment Tyr161-Arg179 located in the carbohydrate recognition domain. Sequencing of this nitrated peptide with electrospray ionization liquid chromatographytandem mass spectrometry demonstrated that the nitration was equally distributed on Tyr164 and Tyr166 (13) . These studies indicate that nitration of a single tyrosine in the SP-A carbohydrate recognition domain decreases its ability to aggregate lipids and bind mannose. These investigators provided evidence that overproduction of reactive oxygen and nitrogen intermediates causes oxidative modifications of several important lung proteins, and these modifications are associated with loss of function.
Jan Schnitzer presented a novel approach to proteomic mapping of the endothelial cell surfaces and their caveolae isolated from organs and solid tumors for identifying new targets to enhance tissue-specific imaging and therapy (27, 32) . A potential clinically useful finding was that caveolae can function like active pumps moving rat lung-specific targeting antibodies across endothelium into the tissue interstitium within seconds of intravenous injection. Peter Davies outlined studies of spatial profiling of endothelial gene and protein expression in the large arteries of swine. Comparisons of endothelial phenotypes in regions that are susceptible to, or protected from, atherosclerosis revealed significant differential expression of genes associated with important pro-and antipathological pathways and differential posttranslational modifications of the important PKC-isoenzyme (25, 34) . Atherosusceptible sites are closely associated with regions of disturbed blood flow; flow characteristics are proposed to play a major role in the regulation of endothelial phenotype. Multiple arterial regions from disturbed flow (DF) or undisturbed flow (UF) sites were analyzed in swine as a function of imposed risk factors including diet and gender to attempt to modify the susceptible endothelial phenotype. A surprising finding following an unbiased interrogation of the top 25% of differentially expressed genes was a hierarchical clustering in which regional location (UF or DF) completely dominated gender and dietary treatments. The study implicates localized hemodynamics as an important mechanistic determinant of regional endothelial phenotype (35) .
Richard Caprioli presented his work on in situ molecular imaging and profiling of proteins in tissues. Profiling and imaging matrix-assisted laser desorption/ionization (MALDI) MS can be used to assess the spatial distribution of peptides and proteins in biological samples and is especially effective in its application to tissue sections. The applications range from low-resolution images of peptides and proteins in selected areas of tissue to high-resolution images of tissue cross sections (5, 6) . The Caprioli group has employed this technology in studies of a variety of diseases, comparing proteins differentially expressed in diseased tissue with those in the corresponding normal tissue, and finally correlating these differences with patient outcomes.
Investigators from two of the National Heart, Lung, and Blood Institute-funded Clinical Proteomics Programs presented work on biomarker discovery in ALI. Mark Duncan described proteomic methods to study clinical ALI with the aim of identifying biomarkers of the disorder and its clinical course (2) . Duncan and colleagues employed a protein-centric approach based on two-dimensional gel separation followed by mass spectrometry. Plasma and pulmonary edema fluid (EF) from ALI subjects were compared with plasma and bronchoalveolar lavage fluid collected from controls. The changes observed were consistent with a loss of size selectivity of the alveolar-capillary barrier, impaired alveolar type II cell function in ALI, enhanced proteolytic activity in the EF of ALI patients, and an increase in acute-phase proteins. However, many of the changes are common to other lung diseases. Nevertheless, studies such as these are of great value because they offer a powerful alternative first-step to hypothesis generation that is less dependent on insight, instinct, and experience (3) .
Lorraine Ware presented a summary of work from the Vanderbilt Clinical Proteomics Program on using MALDI time-of-flight mass spectrometry (MALDI-TOF MS) for discovery of novel biomarkers of adverse clinical outcomes in plasma from patients with ALI/ARDS (2). Working with Caprioli, Ware and colleagues have developed a robotic reverse phase fractionation procedure to reduce high abundance proteins in plasma. As part of the characterization and validation of this fractionation procedure, they discovered that significant protein degradation was ongoing in plasma samples that were collected with EDTA and allowed to sit on ice for 7-8 h. Furthermore, archival plasma samples that had been collected as part of a randomized clinical trial of two ventilator strategies in patients with ARDS also showed significant evidence of protein degradation, suggesting that routine sample collection procedures may not have been adequate for discovery proteomic studies. These findings lead to the conclusion that archival samples may potentially be problematic for mass spectrometry-based discovery proteomics (42) . Prospective sample collection for clinical studies may be preferable, and work is ongoing to characterize the role of protein stabilizers and protease inhibitors in sample preservation for discovery proteomics.
Summary. The progress made in understanding the most common lung diseases has been varied. For example, in the case of infant respiratory distress syndrome, the biochemical defect is clear (i.e., immature type II cells unable to make sufficient surface active material), but the contribution of other factors, including genetic and environmental factors, is not clear, especially in the development of bronchopulmonary dysplasia. In addition, although considerable progress in understanding key genes determining lung development has been made, the link between lung development and disease, injury, and repair is still not established yet. In the case of systemic hypertension, a complex clinical disorder with polygenic and environmental determinants, human studies have highlighted the complexity of both the genetic and environmental determinants. Some progress has been made utilizing animal models, but the studies are labor intensive and expensive and require enormous resources. A major advance in our understanding of the pathogenesis of FPAH has been the identification of a mutation in BMPR2, but pathways by which BMPR2 causes PAH is not known. The low penetrance of this gene suggests the effect of modifier genes that include those of estrogen, androgens, NOS-1, angiopoietin-1, PAI-1, and/or the effect of environmental factors. The lack of animal models relevant to the human disease and the lack of early stage biological markers of the disease have impeded progress.
Asthma is another excellent example of a complex clinical disorder with polygenic and environmental determinants. Although progress has been slow in understanding the pathogenesis of this disease, some selected animal models, such as the mouse model where IL-13 expression is genetically manipulated, have provided new insights. In addition, the study of environmental factors resulting in epigenetic phenomenon that may predispose humans to asthma has been informative. Studies related to ALI and ARDS have included genetic association studies where some associations have been identified; however, validation will be needed including close analysis of the phenotype and contributing causes of lung injury. For example, the candidate genes that indicate susceptibility to sepsis may not identify susceptibility to ARDS. Discovery proteomics, specially utilizing bronchoalveolar lavage fluid from patients with ARDS, is not promising as yet, largely because of methodological issues, although targeted proteomics, perhaps in association with gene association studies, may be of value.
As Michael Matthay explained, the challenge that lies ahead of us in utilizing the modern tools of genomics and proteomics to treat lung disease is best exemplified by the status of a genetically inherited disorder, cystic fibrosis. Although we have known since 1989 that this disease is associated with a genetic mutation in the CFTR gene, which results in the chloride channel not being delivered to the plasma membrane normally, the link between that abnormality and the human lung disease remains poorly understood to date. The impact of gene modification on the phenotype has been shown for polymorphisms of TGF-␤, but the therapy is still only supportive. Ironically, the best new therapy is aerosolized hypertonic saline, which increases cough and mucous expectoration.
Future research. Most lung diseases are complex, and no single gene or protein will help us either identify the pathogenesis or lead to new approaches of treating it. The clinical syndromes of lung diseases such as COPD and interstitial pulmonary fibrosis and others mentioned above are heterogeneous. Understanding complex interaction among many genes that results in the disease will require a systematic undertaking aimed at identifying not only single gene pathways but also the network of genes that interact to produce the disease. Perhaps most importantly, we learned from this conference that it will require coordinated research and creative input from many disciplines to begin to "translate" the genome and unlock the great potential this information has for understanding human development and disease. Targeted proteomics will likely assist us in identifying specific genotypes and phenotypes of these multifactorial and complex disorders.
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